To determine whether left ventricular cavitary obliteration (a finding previously described only in hypertrophic states) can be induced in normal subjects, 16 patients without coronary artery disease or clinical evidence of hypertrophic obstructive cardiomyopathy were studied during cardiac catheterization. Resting left ventricular and aortic pressures and left ventriculography were repeated during the strain phase of Valsalva maneuver after administration of amyl nitrite. Cavitary obliteration during normal sinus rhythm was defined as disappearance of the sinus portion of the left ventricle during systole, and graded as absent, partial or total. Patients were placed into two groups on the basis of qualitative analysis of the resting left ventriculogram: The 10 patients in group A had normal left ventriculograms and the six patients in group B had hyperkinetic left ventricles. During the left ventriculogram done with amyl nitrite and Valsalva, left ventricular volumes in both groups decreased dramatically, from 69 mI/M2 to 43 mI/M2 (p < 0.001) and ejection fraction increased from 70% to 82% in group A (p < 0.01). None of the patients in group A had evidence of cavitary obliteration at rest, but eight developed total and two developed partial cavitary obliteration with the second ventriculogram. Three patients in group B had partial or complete cavitary emptying at rest and all developed total cavitary obliteration with provocation. Pressure gradients between left ventricle and aorta were produced in two group A patients and three group B patients. Thus, cavitary obliteration can be produced in normal left ventricles by manipulation of loading conditions. VENTRICULAR cavitary obliteration is a hallmark of hypertrophic obstructive cardiomyopathyl' and has been described in other hypertrophic states.6-8 Although cavitary obliteration has been demonstrated in experimental animals during isoproterenol administration or hemorrhagic shock,9" 10 and a hyperkinetic state occurs in patients with normal ventricles under similar conditions,' -4 it has not been shown whether cavitary obliteration can be produced in the normal human left ventricle by manipulation of loading conditions. In this investigation, total or partial left ventricular cavitary obliteration was produced in 16 patients with normal coronary arteries during a second left ventriculogram done during the strain phase of the Valsalva maneuver after amyl nitrite administration.
SUMMARY To determine whether left ventricular cavitary obliteration (a finding previously described only in hypertrophic states) can be induced in normal subjects, 16 patients without coronary artery disease or clinical evidence of hypertrophic obstructive cardiomyopathy were studied during cardiac catheterization. Resting left ventricular and aortic pressures and left ventriculography were repeated during the strain phase of Valsalva maneuver after administration of amyl nitrite. Cavitary obliteration during normal sinus rhythm was defined as disappearance of the sinus portion of the left ventricle during systole, and graded as absent, partial or total. Patients were placed into two groups on the basis of qualitative analysis of the resting left ventriculogram: The 10 patients in group A had normal left ventriculograms and the six patients in group B had hyperkinetic left ventricles. During the left ventriculogram done with amyl nitrite and Valsalva, left ventricular volumes in both groups decreased dramatically, from 69 mI/M2 to 43 mI/M2 (p < 0.001) and ejection fraction increased from 70% to 82% in group A (p < 0.01). None of the patients in group A had evidence of cavitary obliteration at rest, but eight developed total and two developed partial cavitary obliteration with the second ventriculogram. Three patients in group B had partial or complete cavitary emptying at rest and all developed total cavitary obliteration with provocation. Pressure gradients between left ventricle and aorta were produced in two group A patients and three group B patients. Thus, cavitary obliteration can be produced in normal left ventricles by manipulation of loading conditions. VENTRICULAR cavitary obliteration is a hallmark of hypertrophic obstructive cardiomyopathyl' and has been described in other hypertrophic states.6-8 Although cavitary obliteration has been demonstrated in experimental animals during isoproterenol administration or hemorrhagic shock,9" 10 and a hyperkinetic state occurs in patients with normal ventricles under similar conditions,' -4 it has not been shown whether cavitary obliteration can be produced in the normal human left ventricle by manipulation of loading conditions. In this investigation, total or partial left ventricular cavitary obliteration was produced in 16 patients with normal coronary arteries during a second left ventriculogram done during the strain phase of the Valsalva maneuver after amyl nitrite administration.
Materials and Methods Patients
The study group consisted of 16 patients who underwent diagnostic cardiac catheterization for evaluation of chest pain and were found to have normal coronary arteries. No patient had a history of a myocardial infarction, syncope, congestive heart failure, valvular heart disease or hypertrophic obstructive cardiomyopathy. All patients were in sinus rhythm. Propranolol was not routinely discontinued, but nitrates were withheld for 12 hours before catheterization.
Fourteen patients who were previously studied in our laboratory and had normal left ventriculograms, Routine left-heart catheterization, ventriculography, and coronary arteriography were performed using Seldinger technique"6 and Judkinsl6 #7F or #8F catheters passed retrograde from the right femoral artery. Pressures were measured with equisensitive Statham P23Db transducers and recorded along with a standard limb lead of the ECG on an Electronics for Medicine VR12 recorder at a paper speed of 25 mm/sec. Biplane right and left anterior oblique left ventricular cineangiograms were recorded at 50 frames/sec after injection of 40-45 ml of Renografin-76 at 10-14 ml/sec.
A myl Nitrite and Valsalva
Sequential recordings of resting aortic and left ventricular pressure and left ventriculography were performed. Selective left and right coronary arteriograms were then recorded in at least two projections. After the initial angiography, videotape recordings of the initial cineangiograms were reviewed and only patients who had no evidence of coronary artery disease, segmental left ventricular wall motion abnormalities, or mitral regurgitations were studied further. A specially designed #7 or #8 pigtail catheter with an end hole and two side holes directly opposite the end hole was placed in the apex of the left ventricle. In 14 patients, aortic or arterial pressure was obtained either through a #7F or #8F end-hole catheter positioned in the ascending aorta or a #18 Cournand needle in the brachial or femoral artery. At least 20 minutes elapsed between the final coronary injection and repeat pressure recordings to allow for dissipation of the effects of the contrast material.`7 Recordings of left ventricular and aortic or arterial pressure were 448 then made after inhalation of enough amyl nitrite to lower systolic pressure by approximately 30 mm Hg; during forced expiration against a closed glottis (Valsalva maneuver), with the patient encouraged to maintain a 30-mm Hg increase in diastolic pressure for [12] [13] [14] [15] seconds; and during a Valsalva maneuver after administration of amyl nitrite. If ventricular premature complexes did not occur spontaneously, an attempt to provoke them was made by advancing the left ventricular catheter against the apical endocardium. Left ventriculography was then repeated during a Valsalva maneuver after inhalation of amyl nitrite, as described above. Great care was taken to perform the injection during the strain phase of the Valsalva maneuver, and the distance between the x-ray tube and the patient distance and obliquity of the patient were the same as during the first ventriculogram.
M-mode echocardiography was performed using an Irex model 101 on all 16 patients on the day after cardiac catheterization. Recordings at a paper speed of 50 mm/sec were done at rest and after inhalation of amyl nitrite.
Hemodynamic and Angiographic Measurements
Pressures were determined by averaging five consecutive beats recorded just before angiography. Left f 200 sLft Ventricular Apex 150 IL / Brachial Artery ventricular pressures reported for the intervention ventriculogram were recorded after amyl nitrite, but before the Valsalva maneuver was performed. Heart rate was calculated from the standard electrocardiographic lead. Recordings of each amyl nitrite administration, Valsalva maneuver, and sinus beats after a ventricular premature complex were inspected for the presence of a pressure gradient between the left ventricular apex and the aorta or peripheral artery. A gradient of 20 mm Hg or greater was considered significant ( fig. 1 ).
Quantitative angiographic measurements were made by means of a light-pen computer system, using the single-plane right anterior oblique area-length method of Sandler and Dodge18 to compute ventricular volumes. The first well-opacified sinus beat not following a premature ventricular complex was used for the volume calculations. All volumes were done in duplicate by the same observer and averaged, with a variance of 5% on repeat measurements. Ejection fraction was calculated from the angiographic end-systolic (ESV) and end-diastolic (EDV) volumes by the formula (EDV-ESV)/EDV.
The resting cine left ventriculogram and coronary arteriograms were assessed qualitatively and no patient was found to have coronary artery disease or segmental wall motion abnormalities of the left ventricle. There is a small pressure gradient (20 mm Hg) between the left ventricular apex and ascending aorta in the sinus beats after premature ventricular complexes during the A strain phase of Valsalva plus amyl nitrite (panel A). A larger gradient (100 mm Hg or less) is present (panel B), also in the sinus beats after premature ventricular complexes with amyl nitrite and both the strain phase and early release phase of the Valsalva maneuver. This patient had a smaller gradient (55 mm Hg) recorded during sinus rhythm with a second Valsalva (not shown). An early systolic spike is present on the arterial pressure curves when there is a pressure gradient between the left ventricle and aorta. The cine left ventriculograms were then shown to one of the authors in a blinded manner (as to the patient and resting vs intervention study) for evaluation of cavitary obliteration. Total cavitary obliteration during sinus rhythm was defined as complete disappearance of the sinus portion of the left ventricle during systole except for small amounts of contrast material trapped between left ventricular trabeculations (figs. 2C, 2D, and 3A-3D). With partial cavitary obliteration, 1-2 mm of contrast remained between the papillary muscles at end-systole and obliteration of the apical portion of the left ventricular cavity (figs. 2E and 2F).
Only the right anterior oblique view was used for the final determination of cavitary obliteration. In the left anterior oblique, the apex of the left ventricle normally can superimpose on the body of the left ventricle during systole and mimic cavitary obliteration. Resting and intervention ventriculograms in the left anterior oblique were inspected carefully for evidence of narrowing of the left ventricular outflow tract and systolic anterior motion of the anterior leaflet of the mitral valve.
Statistical Analysis
The unpaired t test was used to compare the resting measurements in group A with those in group B and the control group. The paired t test, with each patient serving as his own control during the resting measure-ment, was used to assess the statistical significance of the response to amyl nitrite and Valsalva. A probability level of 0.05 was considered significant.
Results
Based on qualitative analysis of the resting ventriculogram, the 16 study patients were divided into two subgroups. Group A consisted of 10 patients who had normal left ventriculograms; group B consisted of six patients who had hyperkinetic left ventricles.
Clinical Characteristics (table I) There were eight men and eight women, mean age 51 years (range 36-64 years). Eleven patients had atypical chest pain, five had anginal discomfort and one patient had dyspnea and electrocardiographic changes. Ten patients had a history of elevated blood pressure recordings, but only four patients had systolic blood pressures greater than 130 mm Hg during their hospitalization. Eight patients had normal ECGs, six had nonspecific ST-T abnormalities, one had first-degree atrioventricular block, and two had evidence of left ventricular hypertrophy (both in group B). Physical examination was normal except for soft systolic murmurs in two patients and a fourth heart sound in five. The chest x-ray was normal in 15 patients and showed slight cardiac enlargement in one. Patient 6 in group A had systolic anterior motion of the mitral valve on the echocardiogram. No patient had evidence of asymmetric or concentric hypertrophy, but adequate recording of both septum and posterior wall could be obtained in only five patients.
Hemodynamic and Angiographic Data (table 2) Group A No statistical difference could be found in any of the hemodynamic or angiographic variables examined between the patients in group A and the 14 control patients. Resting mean left ventricular systolic pressure was 116 mm Hg and end-diastolic pressure was 11 mm Hg. Left ventricular end-diastolic volume index averaged 69 ml/m2 and ejection fraction 70%. No patient in group A had any evidence of a pressure gradient between the left ventricular apex and aorta or cavitary obliteration at rest.
Amyl nitrite caused significant decline in both systolic and end-diastolic left ventricular pressures. In patients 7 and 8, pressure gradients developed between left ventricular apex and aorta (or peripheral artery) with amyl nitrite administration and the strain phase or Valsalva ( fig. LA, Group B The patients in group B had significantly higher left ventricular systolic pressures and ejection fractions and lower end-systolic volumes than the patients in group A. No difference could be found between the group means for end-diastolic volume or pressure at rest.
After amyl nitrite, mean left ventricular systolic pressure decreased to 76% of the control value, but the end-diastolic pressure did not change significantly. Patients 3, 4 and 6 developed significant pressure gradients between the left ventricular apex and aorta or peripheral artery (fig. 1B, table 2) with amyl nitrite and Valsalva. An early systolic spike on the aortic or arterial pressure trace developed with the pressure gradient in every case. The left ventriculogram done during amyl nitrite and the strain phase of Valsalva revealed a significant decrease in end-diastolic volume and end-systolic volume and a significant increase in ejection fraction. All patients in group B developed total left ventricular cavitary obliteration with provocation.
No patient in either group had evidence of narrowing of the outflow tract of the left ventricle or systolic anterior motion of the anterior mitral leaflet either at rest or with provocation.
Discussion
Total emptying of the sinus portion of the left ventricular cavity during systole (i.e., cavitary obliteration) was recognized early in the description of the syndrome of hypertrophic obstructive cardiomyopathy.'-' The finding of left ventricular cavitary obliteration, however, was subsequently found not to be specific for hypertrophic obstructive cardiomyopaithy.8 21. 22 Gault and Simon2' described a group of patients who had small left ventricular cavities and cavitary obliteration without the other clinical and hemodynamic findings of hypertrophic obstructive cardiomyopathy. Raizner et al.7 subsequently reviewed 24 consecutive patients with left ventricular cavitary obliteration and found that total left ventricular emptying occurred both in patients with hypertrophic obstructive cardiomyopathy and in patients with symmetric left ventricular hypertrophy, as in aortic valvular stenosis or systemic hypertension. Another group of patients8 who developed a hyperkinetic myopathy and cavitary obliteration after successful aortic valve replacement has also been described. The presence of left ventricular cavitary obliteration is not totally sensitive for the detection of hypertrophic obstructive cardiomyopathy. Chahine et al.3 found cavitary obliteration in 86% of patients with hypertrophic obstructive cardiomyopathy.
Left ventricular cavitary obliteration can be produced in normal laboratory animals by administration of isoproterenol or during hemorrhagic shock.9' 10 In addition, there have been case reports of in-vasive1l~l" and noninvasive 1 evidence of a profoundly hyperdynamic state in patients with normal hearts during conditions of hemorrhagic or septic shock, or with inotropic agents. One might suspect that these patients had systolic emptying of the left ventricular cavity during shock. Because of the difficulties in studying patients such as these during unstable hemodynamic conditions, the current investigation was developed to determine if left ventricular cavitary obliteration could be produced in normal man by manipulation of loading conditions. By reducing preload and afterload by amyl nitrite administration23 and the strain phase of the Valsalva maneuver,24, 25 partial or total left ventricular cavitary obliteration was produced in all of the normal patients studied (group A). Because both amyl nitrite administration and the Valsalva maneuver are somewhat uncontrolled stimuli, we do not know whether total cavitary obliteration would have occurred in all of the normal patients with a greater stimulus. There is always the concern that patients studied because of atypical chest pain are not truly normal, but there was no detectable difference between the patients in group A described here and a group of previously established normals in our laboratory. In addition, left ventricular pressures and volume in group A patients were similar to those in other normal groups studied with similar technique in many other laboratories.26 Some of our patients were taking propranolol, which might have interfered with the reflex changes in inotropic state produced by the Valsalva maneuver27 or amyl nitrite administration. However, partial / blockade should only have lessened the tendency toward a hyperkinetic state. Cineangiograms in experimental animals show marked similarity to those produced in normal man in this investigation.9 10 Some of the patients in group B are probably similar to the hyperkinetic patients described by Gault and Simon in 197021 and Kreulen et al.' in 1973 (type 2A); these patients had high left ventricular ejection fractions, total or partial cavitary obliteration at rest, left ventricular hypertrophy or elevated left ventricular end-diastolic pressures. Not surprisingly, total cavitary obliteration was produced in all six group B patients during amyl nitrite administration and the strain phase of Valsalva.
The significance of a pressure gradient between left ventricle and aorta in the presence of left ventricular cavitary obliteration has been intensely debated for many years. It is clear, however, that in most patients with hypertrophic obstructive cardiomyopathy, the pressure gradient can be recorded from the nonobliterated inflow portion of the left ventricular chamber and is due to narrowing of the outflow tract by the hypertrophied septum and anterior leaflet of the mitral valve.2 4 6 28 Many investigators have found that pressure gradients between left ventricle and aorta in experimental animals during shock or isoproterenol infusion are due to forceful muscular contraction around the catheter positioned in the obliterated portion of the left ventricular cavity.9' 1 Others believe that these gradients are artifacts produced by entrapment of end hole catheters between trabeculations of the left ventricular endocardium. 28 Nevertheless, pressure gradients have been documented in patients with left ventricular cavitary obliteration without outflow tract narrowing.' , ' We used a pigtail catheter that was specially designed to avoid catheter entrapment. Pressure gradients of 20 mm Hg or more between left ventricle and aorta or peripheral artery were found in two group A and three group B patients. With the technique used here, it was not possible to distinguish between a pressure difference associated with total cavitary emptying and one caused by outflow tract narrowing. However, we thought that use of an additional technique, such as the transeptal approach with a pullback from left ventricular apex to left atrium to define the level of obstruction, was not warranted. Although pressure recordings and angiography were done sequentially, none of the patients had angiographic evidence of left ventricular outflow narrowing, which suggests cavitary obliteration as the mechanism of the pressure gradient.
There was nothing in either the clinical or hemodynamic data to distinguish the patient with a provocable gradient from one in whom no gradient would be provoked. Because amyl nitrite and Valsalva are somewhat uncontrolled stimuli, it is possible that the patients who had total cavitary emptying but no gradient would have developed pressure gradients with further unloading or inotropic stimulus. In one patient from each group, pressure gradients occurred only in the sinus beat after premature ventricular complexes with amyl nitrite and Valsalva maneuver, and it may have been the addition of the increased inotropic postpremature contraction that brought about the pressure gradient.
We conclude that left ventricular cavitary obliteration can be produced in normal patients with alteration of loading conditions. Cavitary obliteration can be a physiologic response of the normal left ventricle and is not necessarily associated with pathologic states, such as hypertrophic obstructive cardiomyopathy.
